Poor executive functioning has been implicated in children's concurrent and future behavioral difficulties, making work aimed at understanding processes related to the development of early executive function (EF) critical for models of developmental psychopathology. Deficits in EF have been associated with adverse prenatal experiences, genetic influences, and temperament characteristics. However, our ability to disentangle the predictive and independent effects of these influences has been limited by a dearth of genetically informed research designs that also consider prenatal influences. The present study examined EF and language development in a sample of 361 toddlers who were adopted at birth and reared in nonrelative adoptive families. Predictors included genetic influences (as inherited from birth mothers), prenatal risk, and growth in child negative emotionality. Structural equation modeling indicated that the effect of prenatal risk on toddler effortful attention at age 27 months became nonsignificant once genetic influences were considered in the model. In addition, genetic influences had unique effects on toddler effortful attention. Latent growth modeling indicated that increases in toddler negative emotionality from 9 to 27 months were associated with poorer delay of gratification and poorer language development. Similar results were obtained in models incorporating birth father data. Mechanisms of intergenerational transmission of EF deficits are discussed.
2003; Carlson, Mandell, & Williams, 2004) . In addition, variation in EF has been associated with verbal intelligence, including language outcomes, suggesting the possibility of overlapping etiological pathways. For example, children with better EF evidence greater success in language-based subjects across the preschool and school-age years compared to children with poorer EF, as indexed by measures of reading, spelling, and language (Blair & Razza, 2007; Deater-Deckard, Mullineaux, Petrill, & Thompson, 2009) . Better EF has also been associated with better performance in mathematics (e.g., Blair & Razza, 2007; Bull, Espy, & Wiebe, 2008; Clark, Pritchard, & Woodward, 2010) . Together, this body of work indicates the centrality of EF in affecting positive outcomes for children and suggests the importance of disentangling the factors that relate to its development.
A number of studies have indicated specific processes that contribute to children's EF. Factors shown to be associated with variation in EF during early childhood include emotion regulation skills (Carlson & Wang, 2007; Eisenberg & Spinrad, 2004; and prenatal exposure to substance use (Connor, Sampson, Bookstein, Barr, & Streissguth, 2000) . In addition, gender may also be associated with EF; a meta-analytic study indicated that girls have better EF than boys (Else-Quest, Hyde, Goldsmith, & Van Hulle, 2006) , although some studies have not found a gender difference (Gunnar, Tout, deHaan, & Pierce, 1997) . Furthermore, there is evidence from twin studies that genetic influences explain a substantial portion of individual differences in EF performance (Friedman et al., 2008; Polderman et al., 2007) . However, almost all prior developmental studies of EF have been conducted with children reared in biological families. When children are raised by biological parents, the influences of prenatal risk, genes, and the postnatal rearing environment cannot be disentangled because the child shares all three with the rearing parents. In addition to this limitation, few studies have examined the development of EF during very early childhood (0 -2 years), and none have simultaneously considered genetic, negative emotion, and prenatal influences on EF during early development.
The present study integrates and extends prior work by using a prospective adoption design to disentangle the contributions of prenatal risk, genetic influences, and negative emotionality on children's EF at 27 months of age, while simultaneously considering the association between EF and language. In the adoption design, children share genes and a prenatal environment with their birth parents but not with their rearing parents. As such, this design uniquely allows for an assessment of the independent contributions of genetic and prenatal influences on young children's EF, separate from postnatal rearing environment factors.
Executive Function During Early Childhood
EF is a broad category of discrete interrelated cognitive processes, including attentional control, attention shifting, cognitive flexibility, self-monitoring, planning, inhibitory control of prepotent responses, and working memory, and has been associated with activation of the prefrontal cortex in neuroimaging studies (Anderson, 2002; Roth, Randolph, Koven, & Isquith, 2006; Wood & Smith, 2008) . The prefrontal cortex undergoes a protracted period of postnatal development (e.g., increases in the density of synapses and gray matter) that begins during infancy and extends through adolescence and into adulthood. This development is linked with age-related improvements in tasks measuring various components of EF (Best, Miller, & Jones, 2009; Garon, Bryson, & Smith, 2008) , suggesting the importance of studying factors associated with EF early in development. Several tasks reliably measure EF in 24-month-old children, including a shape Stroop task and a gift delay task (Carlson et al., 2004) . In addition, Kochanska, Murray, and Harlan (2000) found high reliability in EF at 22 months, as well as predictability from 22-month EF to preschool EF and emotion regulation. The present study used two validated EF tasks for young children: a shape Stroop task, conceptualized as drawing upon effortful attention skills, and a gift delay task, which requires that children employ behavioral inhibitory control skills for successful completion (Kochanska et al., 2000) .
Prenatal Experiences and Executive Function Deficits
Extant research indicates associations between adverse prenatal experiences and later deficits in EF. Children whose mothers engage in substance use during pregnancy have an increased likelihood of EF deficits; preschoolers through adolescents with fetal alcohol syndrome/effects make more perseverative errors and show impairments in planning, response inhibition, abstract thinking, and cognitive flexibility (Kodituwakku, Handmaker, Cutler, Weathersby, & Handmaker, 1995; Kopera-Frye, Dehaene, & Streissguth, 1996; Mattson, Goodman, Caine, Delis, & Riley, 1999) . These deficits remain even when IQ scores are controlled (Connor et al., 2000) , suggesting that prenatal alcohol exposure might lead to selective effects on the prefrontal cortex. Prenatal exposure to tobacco (Huijbregts, Warren, de Sonneville, & Swaab-Barneveld, 2008) , marijuana (Fried, 2002; Fried & Smith, 2001) , and cocaine (Bridgett & Mayes, 2011; Espy, Kaufmann, & Glisky, 1999) have also been linked to deficits in children's EF. However, the vast majority of this work has been conducted with intact, biologically related families, and it is unclear whether the effects of prenatal experiences on EF would remain once genetic and postnatal factors have been considered.
Genetic Influences on Executive Function
EF skills in young children are highly heritable, with 40%-80% of the variance accounted for by genetic influences (Groot, de Sonneville, Stins, & Boomsma, 2004; Lemery-Chalfant, Doelger, & Goldsmith, 2008; Polderman et al., 2007) . Two primary methodologies have been used to examine genetic influences on EF: twin studies (e.g., a comparison of similarities between monozygotic vs. dizygotic twin pairs) and candidate gene association studies (e.g., molecular genetic studies that examine individual variation in a specific gene polymorphism in association with an observed outcome). Twin studies have shown that half or more of the variance in EF is due to genetic influences (Friedman et al., 2008; Polderman et al., 2007) ; candidate gene association studies have shown an association between specific polymorphisms such as catechol-O-methyl transferase (COMT) and prefrontal cortex (PFC) based EFs (Goldberg & Weinberger, 2004) .
The present study used a third type of genetically informed methodology-a full adoption design. To the best of our knowledge, no studies have used this design to examine genetic influences on children's EF, although studies using data from the Colorado Adoption Project have examined genetic influences on This document is copyrighted by the American Psychological Association or one of its allied publishers.
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the Bayley Mental Scale and found evidence of heritability on general cognitive functioning and on subscales tapping memory function during infancy (Plomin & DeFries, 1985) . In the full adoption design, the child is placed in a nonrelative adoptive home at birth and the adopted child, adoptive parents, and birth parent(s) are assessed following placement. When postplacement contact between birth and adoptive families is statistically controlled, associations between birth parent characteristics and adopted child characteristics cannot result directly from postnatal factors and are assumed to result from genetic influences or from prenatal influences (when there is no selective placement of children into adoptive families by matching to birth parent characteristics). Therefore, the adoption design provides a means of examining genetic and prenatal influences as transmitted intergenerationally from parent to child. A unique feature of this design is the ability to capture effects of the genome as expressed phenotypically through behavior; the inferential phenotype-based genetic approach of the adoption design has the potential to add significantly to the existing literature on genetic influences on EF.
Development of Negative Emotionality and Links With Executive Function
Factor analytic studies of the broad temperament characteristic of negative emotionality have consistently identified distress to limitations and anger as key subcomponents of negative emotionality during infancy and toddlerhood (Gartstein & Rothbart, 2003; Goldsmith, 1996; Putnam, Gartstein, & Rothbart, 2006) . Negative emotionality tends to increase across the first year of life (e.g., Lipscomb et al., 2011; Sallquist et al., 2009) , with substantial individual differences in development that have implications for later child outcomes (e.g., Gartstein et al., 2010) . Most theoretical models typically emphasize that regulation of negative emotionality is driven by top-down EF processes (e.g., Ochsner & Gross, 2007) . However, early in life, top-down cortical EF processes are less developed than subcortical structures involved in the generation of emotion (Calkins & Marcovitch, 2010) . For example, although the executive attention system begins to come online toward the end of the first year of life, it is not until much later (i.e., late toddlerhood and early preschool ages) that this system undergoes a rapid period of maturation (Derryberry & Rothbart, 1997; Rueda, Posner, & Rothbart, 2005) . Given the timing of both systems, negative emotionality may exert a powerful influence on the development of subsequent EF during the first 2 to 3 years of life before children are able to efficiently recruit top-down EF processes to assist in regulation. Consistent with this possibility, Stifter and Spinrad (2002) found that infants characterized as excessive criers (a marker of negative emotionality) displayed the lowest levels of subsequent self-regulation. Likewise, Bridgett et al. (2009) found that higher levels of negative emotionality at 4 months of age predicted lower trajectories of early orienting/ regulation between 4 and 12 months of age.
Although studies using older age groups have identified negative associations between negative emotionality and EF (e.g., Carlson & Wang, 2007; Eisenberg et al., 1995) , to our knowledge, no studies have examined the influence of early developing negative emotionality on subsequent EF. The current study addresses this gap by examining the effects of early and developing negative emotionality, from late infancy into the early toddler period, on measures of EF in toddlers. Relevant to the current study, negative emotionality has also been shown to be heritable during early childhood, with a heritability estimate of .64 (Goldsmith, Lemery, Buss, & Campos, 1999) , suggesting that it might serve as a mediating mechanism between genetic influences on EF and the expression of EF deficits.
Associations Among Negative Emotionality, Language
Development, and Executive Function
Language development and EF are closely linked (see Cole, Armstrong, & Pemberton, 2010 , for a discussion), and there is also evidence linking negative emotionality to language development (Cole et al., 2010) . Early attention skills have been identified as important prerequisites to language acquisition. For example, Dixon and Smith (2000) found that 13-month-old infants' duration of orienting (i.e., focused attention) predicted language outcomes when children reached 20 months of age. Similarly, in a sample of toddlers, Salley and Dixon (2007) found that better attention focusing and attention shifting were concurrently related to better language skills. Inhibitory control, a component of EF, has also been implicated in the development of language. Infants need the ability to inhibit their attention from a distracting object or event to look at a speaker, infer the speaker's intentions, and understand what the speaker is talking about (Baldwin & Moses, 2001) . Consistent with the importance of inhibitory control for early language, Salley and Dixon (2007) found that toddlers' inhibitory control was concurrently related to better language performance. Other studies have also documented strong concurrent and longitudinal associations between EF and language skills (e.g., Carlson et al., 2004; Pears & Fisher, 2005) .
There is also evidence of associations between negative emotionality and early language, although most of this work has been done in families where parents and children are genetically related to one another. For example, children who are prone to displaying high negative affect often have difficulty allocating attention to language acquisition demands (Bloom, 1993) , whereas children who can better maintain emotional neutrality have more attention resources to devote to language. Similarly, negative emotionality may inhibit children's ability to process language at times when being able to do so would enhance language acquisition (RieserDanner, 2003) . Because there is evidence of substantial genetic influences on both negative emotionality and language development in early childhood (Byrne et al., 2009; Goldsmith et al., 1999) , such associations may be due to parents and children sharing genes rather than to the family socialization process. In the present study, we were able to examine possible genetic links between adopted children and their birth parents (who are not rearing them and thus provide no socialization with the family), thereby providing an index of genetic influences on the child that are independent of family socialization processes. We include measures of children's language ability and birth parent verbal intelligence to examine these associations.
Summary of Hypotheses
Four primary hypotheses and one secondary hypothesis were examined. First, unique prenatal influences on toddler EF and language development at 27 months of age were expected. Second, This document is copyrighted by the American Psychological Association or one of its allied publishers.
it was hypothesized that unique genetic influences on EF and language development would manifest through associations between birth parent characteristics (birth parent EF and verbal intelligence) and toddler characteristics (child EF and language development). Third, we hypothesized that toddler negative emotionality and increases in negative emotionality from 9 to 27 months of age would be associated with poor child EF and language at age 27 months. Fourth, it was expected that negative emotionality would serve as a mediator of associations between birth parent characteristics and child EF and language development. Finally, in a secondary hypothesis consistent with metaanalytic work (e.g., Else-Quest et al., 2006), we expected that girls would have higher EF scores than boys.
Method Participants and Procedures
Participants were 361 linked sets of adopted children, adoptive mothers and fathers, and birth mothers from Cohort I of the Early Growth and Development Study (EGDS). In addition, 121 linked birth fathers were included in secondary analyses. Eligibility criteria for participation included the following: domestic adoption placement, placement occurring within 3 months postpartum, nonrelative adoption placement, birth and adoptive parents able to understand English at the eighth-grade level, and no known major medical conditions such as extreme prematurity, extensive medical surgeries, or any condition that required the child to be in the neonatal intensive care unit (NICU) for more than 1 week. The children were 9 months old during the first assessment (M ϭ 9.24, SD ϭ 0.96), 18 months old during the second assessment (M ϭ 18.00, SD ϭ 1.32), and 27 months old during the third assessment (M ϭ 27.36, SD ϭ 1.56). Fifty-seven percent of the children were male. The median child age at adoption placement was 2 days (M ϭ 7.11, SD ϭ 13.28; range ϭ 0 -75 days).
Adoptive parents were typically college educated (median education level for adoptive mothers and fathers was a 4-year college degree), middle to upper class families (median income ϭ $100,000 -$125,000). At the first assessment, adoptive mother and adoptive father mean ages were 38 (SD ϭ 5.5) and 39 (SD ϭ 5.8) years, respectively. The ethnicity of adoptive mothers and fathers was as follows: 91% and 90% Caucasian, 4% and 5% African American, 3% and 2% Hispanic or Latino, 1% and 1% multiracial, 1% and 1% Asian, Ͻ1% and 0% and American Indian or Alaskan Native, and 1% and 1% unknown or unreported, respectively.
The education level of birth parents was as follows: a graduation equivalent diploma (GED), high school degree, or lower (65% of sample); a trade school or 2-year college degree (25% of sample); or a 4-year college degree or higher (10% of sample). Birth parents typically had household incomes of less than $25,000. The birth mother and birth father mean ages were 24 (SD ϭ 5.9) and 26 (SD ϭ 7.5) years, respectively. Birth mother and birth father ethnicity was as follows: 71% and 73% Caucasian, 11% and 9% African American, 7% and 9% Hispanic/Latino, 5% and 5% multiracial, 2% and 0% Asian, and 3% and 1% Native American, respectively; the remaining participants were not identified or of other ethnic status. For full demographic information refer to Leve, Neiderhiser, Scaramella, and Reiss (2010) .
Birth parents were assessed in person at 3 to 6 months (Time 1 [T1]) and 18 months (T2) postpartum. Adoptive parents were assessed in person when the child was 9 months (T1), 18 months (T2), and 27 months of age (T3). Birth parent self-report, adoptive parent report of child, and observational data of the child were used in the present study. Retention rates remained high throughout the course of the present study (94% for adoptive families, 92% for birth mothers, and 90% for birth fathers).
Measures
Birth parent predictors. Prenatal risk. Prenatal risk was assessed at the birth parent T1 assessment using birth mother report of her pregnancy complications (e.g., prenatal illness and fetal distress during pregnancy) and prenatal drug use (e.g., illicit substances/alcohol) via a pregnancy screener and a pregnancy calendar method to enhance recall (Caspi et al., 1996) . The birth mother was first asked to identify key events (e.g., birthdays, anniversaries, holidays) that occurred during her pregnancy on a one-page pregnancy calendar. She then recalled the occurrence of a series of any obstetric complications during her pregnancy. Scoring was derived from the McNeil-Sjostrom Scale for Obstetric Complications (McNeil & Sjostrom, 1995) . Responses to each item were assigned a score from 1 (not harmful or relevant) to 6 (very great harm to or deviation in offspring), indicating the level of risk indicated by each response. Consistent with McNeil-Sjostrom scoring protocols, a prenatal risk score that reflected severity of risk was created by summing items with a score of 3 or greater.
Verbal IQ. The Information subtest from the Wechsler Adult Intelligence Scale-III (Wechsler, 1997) was administered during the birth parent T2 assessment to obtain an estimate of verbal intelligence. This subtest, which loads onto the verbal comprehension index and is broadly considered to be a representative measure of g (g loading ϭ .79), consists of 28 questions that measure knowledge of the world, basic facts, and information (Kaufman & Lichtenberger, 1999) . Scaled scores were computed for each individual based on age.
Color Stroop task. In this computerized Stroop task, interference is created between a word's color and its meaning (MacLeod, 1991) . The Stroop task was administered on a laptop computer. Letter strings composed of the color words "RED," "BLUE," "GREEN," and "YELLOW" appeared in color on the screen. In the control trials, the word and color were congruent, with each word printed in the color identified by the word. In the interference trials, the word and color were noncongruent, with each word printed in a color different from that identified by the word. Reaction time was computed as the interval in milliseconds between a word's appearance on the screen and a key press that indicated the font color in which the word was printed. The difference score between control and interference trials was used in the present study, computed by subtracting the mean reaction time for the control trials from the mean reaction time for the interference trials (see Bryce, Szucs, Soltesz, & Whitebread, 2011;  This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Tse, Balota, Yap, Duchek, & McCabe, 2010 , for validity of reaction time in the Stroop and related EF tasks). Mediating variable (9 to 27 months of age). Negative emotionality. Child negative emotionality was measured at T1 using adoptive mother report on the Distress to Limitations subscale of the Infant Behavior Questionnaire (Rothbart, 1981) and at T2 and T3 using mother report on the Anger Proneness subscale of the Toddler Behavior Assessment Questionnaire (Goldsmith, 1996) . The Distress to Limitations subscale consists of 20 items rated from 1 (never) to 7 (always) reflecting fussing, crying, or showing distress while (a) in a confining place or position, (b) involved in caretaking activities, or (c) unable to perform a desired action (␣ ϭ .85). The Anger Proneness subscale is the analogous, developmentally appropriate scale for toddlers, consisting of 28 items rated on the same scale as the Distress to Limitations subscale. Items reflect toddler crying, protesting, hitting, pouting, or other signs of anger in situations involving conflict with another child or the caregiver (␣ ϭ .87 at T2 and .86 at T3). A mean score of scale items was computed separately at T1, T2, and T3 and was used in the subsequent modeling.
Toddler outcomes (27 months of age). Effortful attention (shape Stroop task). This task was modeled after Kochanska et al. (2000) and Carlson et al. (2004) , who described the task as an indicator of effortful attention that measures the child's ability to sustain attentional focus on a subdominant rather than a dominant perceptual feature. The interviewer showed the child three large and three small pictures of the same fruits (apple, banana, orange). After reviewing the names and the meaning of each big-little dimension, the interviewer showed the child three pictures, each containing a small fruit embedded within a different large fruit (e.g., a small orange inside of a large apple). The interviewer then asked the child to point to each of the little fruits (e.g., "show me the little orange"). The prepotent response for young children is to point to the large fruit. After the fruit trials, the interviewer repeated the activity with a similar set of three trials with pictures of big and little animals (bunny, dog, teddy bear). Each trial was scored on a 1-3 scale, with values of 1 (ambiguous or incorrect response on both item and size of object), 2 (correct item but wrong size), or 3 (correct item and correct size).
1 Items were averaged to compute the scale score (Cronbach's ␣ ϭ .86). This scoring system is slightly modified from Kochanska et al. and Carlson et al., who included an additional scoring category for the child pointing to the incorrect item and then self-correcting by pointing to the correct item. In the present study, we did not witness such self-correcting behavior, perhaps due to the young age of the children. When children pointed to multiple items they were given a score of 1. A principal components analysis of the six task items obtained a one component solution (eigenvalue ϭ 3.59) using parallel analyses and Velicer's MAP tests, as recommended by O 'Connor (2000) .
Delay of gratification (gift delay task). This task was modeled after Kochanska et al. (2000) to measure children's ability to inhibit behavior. The interviewer told the child that she had a present that she thought the child would really like and told the child to sit with their hands over their eyes so that the interviewer could wrap the present. The interviewer instructed the child not to peek and then noisily wrapped the gift. After 1 min, the interviewer gave the child the wrapped present but instructed the child not to touch the present until she returned with the bow. After 2 min, the interviewer returned with the bow and let the child open the present. Ratings of the child's ability to inhibit impulses were coded by the interviewer after the session, referencing the video recording, with the following three items: "How often did child peek?" (1 [continually] to 5 [never]); "How often did the child touch the gift when interviewer left the room?" (1 [yes, repeatedly] to 3 [no, not at all]); and "The child used distraction strategies" (1 [very true] to 4 [not true]). The three items were each rescaled 1 to 4 and then averaged to indicate greater ability to delay gratification (␣ ϭ .54; r ϭ .08, .32, and .46 among items). For 11% of the cases, a second staff member watched the gift delay task from the video recording and completed the same set of items. The intraclass correlation between raters for this measure was .61.
Language development.
Language development was assessed by adoptive mother and father report of the child's language ability on the Language Development Survey of the Child Behavior Checklist (Achenbach & Rescorla, 2000) . The Language Development Survey is a 310-item measure that lists a series of words (e.g., foods, body parts, actions, animals) and asks parents to indicate which words the child says spontaneously (not just imitating or understanding; ␣ ϭ .99 mothers and 1.0 fathers). Total scores were converted to reflect the child's percentile relative to same age peers, using norms provided by the authors of the instrument. Mother and father ratings were significantly correlated (r ϭ .79, p Ͻ .001) and therefore aggregated into a single score reflecting the combined parent rating (␣ ϭ .88). Scores on this measure correlate in the moderate range with scores on standardized vocabulary tests (rs ϭ .66 -.87; Klee et al., 1998; Rescorla & Alley, 2001) .
Covariates. Two covariates were included: toddler sex and openness in adoption (contact between birth and adoption parents). Sex of toddler was coded 0 for boys and 1 for girls. T1 openness in the adoption was included to control for similarities between birth parents and adopted children that might result from contact between the two parties. This was measured using a composite of birth mother, adoptive mother, and adoptive father ratings of perceived adoption openness (Ge et al., 2008) , where each participant rated the degree and nature of contact and communication with their counterpart on a 7-point scale ranging from very closed (
you have no information about the adoptive parents) to very open (you have visits with the family at least once a month and communicate several times a month by phone, letters, or emails).
Interrater agreement was high (r range ϭ .66 -.81, ps all Ͻ .001).
Analytic Strategy
Study hypotheses were tested using structural equation modeling to examine the role of birth parent characteristics on toddler outcomes and whether their effects were mediated through toddler negative emotionality. Because toddler negative emotionality was measured over three waves, the models were specified as latent variable growth models in the Mplus 6.1 program (Muthén & Muthén, 2010) . Latent growth models (LGM) provide advantages 1 Scaling was also computed on a 0 -1 scale for each item (0 ϭ incorrect, 1 ϭ correct) and similar results were obtained. Because accuracy on one dimension conveyed greater cognitive skill than accuracy on zero dimensions, we retained the three-level scoring. This document is copyrighted by the American Psychological Association or one of its allied publishers.
for modeling developmental changes over time. Repeated measure outcomes at Level 1 are nested within individuals at Level 2. Also known as random intercepts models, LGM estimates the individual differences or variation in the levels of child negative emotionality (random intercepts) and the increases or decreases in negative emotionality from 9 to 27 months for each individual at Level 1. The individual intercepts and slopes are then summarized as latent variable factor components at Level 2, representing the sample means and growth slopes. The present LGM analyses were modeled as two factors: initial status (9-month intercept) and linear growth. This was obtained by fixing the three random intercept factor loadings at 1, respectively, for 9, 18, and 27 months, and by specifying the chronometric time weights for the slope factor at 0, 1, and 2 (Biesanz, Deeb-Sossa, Papadakis, Bollen, & Curran, 2004) .
Missing data and attrition analyses.
We first evaluated missing data using missing values analyses and standard attrition analyses. Little's test of missing data (Little, 1988) revealed the data were missing completely at random (MCAR) for the birth mother models, Little's MCAR 2 (209) ϭ 211.75, p ϭ .43, indicating that missingness was not dependent on missing values of the observed or unobserved variables. Data for the birth father secondary analysis were also missing completely at random, MCAR 2 (182) ϭ 165.61, p ϭ .80. Following recommendations for data that are MAR or MCAR, models were estimated using full information maximum likelihood (FIML), which uses all available information from the observed data (see Table 1 for sample sizes for each variable). FIML estimates are computed by maximizing the likelihood of a missing value based on observed data (Jeličić, Phelps, & Lerner, 2009 ). Compared to mean-imputation, listwise deletion, or pairwise deletion, FIML provides more statistically reliable standard errors.
For standard attrition analyses we examined two comparisons, one that included 295 families with three complete waves of child negative emotionality and 66 families missing one or two waves of data, and one with 174 families with complete data on all 10 study variables and 187 families missing one or more variables. Both analyses revealed that among the six baseline measures (prenatal risk, birth mother verbal IQ, birth parent Stroop reaction time, toddler negative emotionality, openness in adoption, and sex of child), no differences were obtained except for openness in adoption. On both longitudinal attrition status and partial data status, comparisons revealed that families with incomplete data scored higher on openness in adoption ratings (M ϭ 4.56, SD ϭ 1.17 and M ϭ 4.88, SD ϭ 1.17, respectively, t ϭ 2.64, p Ͻ .01, for attrition and M ϭ 4.39, SD ϭ 1.03 and M ϭ 4.80, SD ϭ 1.20, respectively, t ϭ 1.99, p Ͻ .05, for partial data).
Results
The sample sizes, means, standard deviations, and pairwise bivariate correlations for study variables are presented in Table 1 . Consistent with the study hypotheses, toddler effortful attention was positively associated with toddler language development, birth mother verbal IQ, and toddler sex (girls). Toddler delay of gratification was positively associated with toddler language development and toddler sex (girls), and toddler language development was negatively associated with 27-month toddler negative emotionality. In addition, birth mother Stroop reaction time was negatively associated with toddler negative emotionality at 27 months. Finally, the control variable of openness in adoption was positively associated with toddler effortful attention, toddler language development, and birth mother verbal IQ. The child negative emotionality variables were correlated with each other across all three time points.
Testing the Main Effects of Prenatal Risk and Genetic Influences
The first step of the analyses evaluated Hypotheses 1 and 2 regarding the unique prenatal and genetic influences on toddler EF. To isolate the unique contributions of genetic and prenatal influences, we estimated a set of three models entering genetic influences only, prenatal risk only, and both as predictors of the EF outcomes with openness in adoption and sex of child as covariates. In the genetic influences only model, birth mother verbal IQ significantly predicted children's effortful attention (␤ ϭ .24, p Ͻ .001), explaining 14% of the variance. No other associations were Figure 1 in the form of standardized beta paths. Although this was a saturated model with all possible paths from predictors to the three EF outcomes, only significant paths are shown for visual clarity. Hypotheses 1 and 2 were partially supported. Higher levels of birth mother verbal IQ were associated with greater effortful attention in toddlers (␤ ϭ .24, p Ͻ .001). The effect of prenatal risk was nonsignificant in the presence of the genetic influence variables. Among the control variables, openness in adoption predicted higher effortful attention in toddlers (␤ ϭ .13 p Ͻ .01), and girls exhibited higher effortful attention and delay of gratification relative to boys (␤ ϭ .23, p Ͻ .001, and ␤ ϭ .17, p Ͻ .01, respectively). The model accounted for 14% of the variance in toddler effortful attention, 3% in delay of gratification, and 2% in language development.
Testing the Effects of Toddler Growth in Negative Emotionality
We next specified latent growth models (LGM) employing the repeated toddler negative emotionality measures to examine Hypotheses 3 and 4. The first step in the LGM analysis was to estimate the unconditional model describing the individual and summary patterns of change in toddler negative emotionality. The model specified an initial status factor and a linear growth slope factor. Results are shown in Figure 2 in the form of standardized beta paths. Specifying linear growth provided adequate fit to the observed data, (1) 2 ϭ 2.87, p ϭ .09; comparative fit index (CFI) ϭ .99; root-mean-square error of approximation (RMSEA) ϭ .07. The estimated mean level for the sample at 9 months was significantly different from zero (M ϭ 3.15, p Ͻ .001), and there were significant individual differences at 9 months ( 2 ϭ .25, p Ͻ .001).
The sample of children as a whole showed significant developmental increases in negative emotionality (M ϭ 0.25, p Ͻ .001). However, no reliable individual differences in growth rates were obtained, indicating that on the whole, children's negative emotionality grew at similar rates. The next step of the analyses tested initial status and growth in negative emotionality as mechanisms linking birth parent characteristics and child EF outcomes. Growth rates also controlled for negative emotionality initial status. Results of the final model are displayed in Figure 3 , (12) 2 ϭ 20.03, p ϭ .07, CFI ϭ .98, RM-SEA ϭ .04. For visual clarity, only significant paths are displayed among the predictor paths. Results partially supported Hypotheses 3 and 4 (see Figure 3) : Negative emotionality initial status at 9 months did not predict 27-month outcomes; however, growth in Figure 1 . Test of main effects of prenatal influences and genetic influences from birth mother verbal IQ and birth mother Stroop reaction time on child 27-month outcomes. Paths are standardized beta coefficients and only significant paths are shown. Model is saturated with perfect fit. Significant covariances among predictors were freely estimated, else constrained. Unconditional growth model of growth in child negative emotionality across the 18-month study period, (1) 2 ϭ 2.87, p ϭ .09; comparative fit index ϭ .99; root-mean-square error of approximation ϭ .07. Paths are standardized beta coefficients.
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negative emotionality was associated with lower levels of toddler delay of gratification (␤ ϭ -.25 p Ͻ .05) and lower levels of language development (␤ ϭ -.33 p Ͻ .01). The effect of birth mother verbal IQ, toddler sex (girl), and openness in adoption on toddler's effortful attention remained significant in the final model. Consistent with our secondary hypothesis, girls performed better than boys on effortful attention, delay of gratification, and language development. Adding growth in negative emotionality explained an additional 6% of the variance in toddler's delay of gratification and an additional 9% of the variance in language development. Eleven percent of the variance in growth rates of negative emotionality was explained. With nonsignificant effects between the genetic and prenatal risk variables and toddler negative emotionality as part of the mediational pathway, our mediation hypothesis was not supported and not further examined.
Secondary Analyses With Birth Fathers
The final analyses examined full information models for the 121 participating birth fathers (models not shown). Due to these models serving as a replication of the birth mother models, and the smaller sample size, significance levels of p Ͻ .10 were considered. In the main effects multivariate model (Hypotheses 1 and 2), prenatal risk predicted children's effortful attention (␤ ϭ -.14, p Ͻ .01) and birth father verbal IQ marginally predicted children's effortful attention (␤ ϭ .11, p Ͻ .10). Birth father variables did not predict delay of gratification or language development. Upon entering negative emotionality (Hypotheses 3 and 4), birth fathers' verbal IQ significantly predicted children's effortful attention (␤ ϭ .24, p Ͻ .01), indicating that growth in negative emotionality was partially suppressing the effect of birth fathers' verbal IQ on children's effortful attention. Holding negative emotionality constant, birth fathers' verbal IQ showed the same pattern as birth mothers' verbal IQ. Growth in negative emotionality showed a similar pattern of effects as was observed in the birth mother model in regards to delay of gratification (␤ ϭ -.24, p Ͻ .05) and language development (␤ ϭ -.35, p Ͻ .01). Overall, birth father predictors showed the same signed effects as the birth mother predictors to the respective specified developmental outcomes.
Discussion
The current study examined unique genetic, prenatal risk, and child temperament (i.e., negative emotionality) influences on toddler EF in the context of an adoption design, accounting for associations with language/verbal skills. The first two hypotheses tested whether there were unique influences of prenatal risk and genetic influences on toddler EF. The results provided partial support for our hypotheses. Significant associations were observed between prenatal risk and toddler effortful attention prior to inclusion of genetic influences; once genetic influences were included, prenatal risk was no longer significant. Although prior studies have also shown associations between prenatal risk and deficits in child EF (e.g., Connor et al., 2000) , to our knowledge, its influence has never been examined in conjunction with genetic influences on EF. The current results suggest that prenatal risk may not have independent associations with EF once genetic factors are considered. ‫ء‬ p Ͻ .05.
In comparison, when the effects of prenatal risk and genetic influence variables were considered simultaneously, genetic influences on toddler EF remained, with associations found between birth mother verbal IQ and toddler effortful attention. This genetic main effect was replicated in the models incorporating birth father verbal IQ data. This finding suggests a genetic etiology of toddler EF that is identifiable very early in development and may serve as an important mechanism of the intergenerational transmission of cognitive functioning. There were no significant associations between birth mother Stroop reaction time and toddler effortful attention. Thus, at least during toddlerhood, genetic influences on verbal IQ may be the predominant pathway to toddler effortful attention during the early stages of EF development. Consistent with this interpretation, our indicator of birth parent verbal IQ (the Information subtest of the WAIS) not only assesses verbal dimensions of intelligence but also reflects long term memory and ability to accurately retrieve information (Kaufman & Lichtenberger, 1999) , features central to the development of early effortful attention.
Contrary to our hypotheses, there were neither prenatal nor genetic effects on our second measure of toddler EF: delay of gratification. This set of null findings presents an interesting possibility. EF tasks that have inherent motivational properties, such as delay of gratification tasks (Hongwanishkul, Happaney, Lee, & Zelazo, 2005) , have been conceptualized as drawing on "hot" EF. Conversely, more cognitive EF tasks that do not have a motivational aspect, such as the effortful attention task used in the current study, have been conceptualized as drawing upon "cool" EF functions Zelazo & Muller, 2002 ). In the current study, only a measure of birth parent "cool" EF was available. Further, there is no inherent motivational aspect to completion of the birth parent measure of verbal IQ, which demonstrated connections with the child's "cool" effortful attention task. This suggests that there may be either completely or partially distinct genetic pathways involved with "hot" and "cool" forms of EF during very early childhood.
Additional support for this possibility comes from at least two sources. First, previous work examining the underlying neural structures activated during "hot" and "cool" EF tasks has identified greater activation of the dorsolateral prefrontal cortex during performance of "cool" EF tasks. In contrast, greater activation of the orbital frontal cortex (OFC) during performance on measures of "hot" EF is often found (for an overview of findings, see . Second, the current results indicate that increases in negative emotionality from 9 and 27 months were associated with poorer toddler delay of gratification. This links an aspect of emotion (negative emotionality) to performance during a "hot" EF task. Interestingly, this association was not observed with the more characteristically "cool" EF task used in the current investigation (shape Stroop). This finding is consistent with the iterative reprocessing model , which suggests that situations eliciting strong avoidance or approach motivation can impair EF in some circumstances (Zelazo, Qu, & Kesek, 2010) . Future work using different methodologies is needed to further consider how emotion may differentially influence performance during tasks that measure "hot" and "cool" forms of EF.
Consistent with our third hypothesis, increases in negative emotionality across toddlerhood were negatively associated with poorer performance during the delay of gratification task. This finding is consistent with a large body of evidence indicating that negative emotionality is associated with lower EF skills, and specifically, with lower effortful control (e.g., Eisenberg et al., 1995) . This finding is also consistent with prior work suggesting that high early negative emotionality may compromise later attentional and self-regulatory processes (e.g., Bridgett et al., 2009; Stifter & Spinrad, 2002) . Moreover, increases in negative emotionality were also associated with toddler language development. This is consistent with the theoretical perspective postulated by Rieser-Danner (2003) that having a reactive temperament may render some children less able to attend to and process relevant language cues at a time when being able to do so would facilitate language acquisition.
The final model examined whether increases in negative emotionality served as a mediator of the association between genetic and prenatal influences and toddler language development. Owing to the lack of association between genetic and prenatal variables with negative emotionality, this hypothesis was not supported. Future work may benefit from considering a broader range of genetic influences (e.g., birth parent psychopathology) that might be associated with toddler negative emotionality. Finally, support was provided for our secondary hypothesis that girls would outperform boys on effortful attention and delay of gratification, two measures of EF. Girls scored higher on effortful attention and delay of gratification than did boys. This is consistent with prior work in this area (e.g., Else-Quest et al., 2006) and also provides validation for the specific measures of EF used in the present study. In the final model, girls also had better language development than boys.
Strengths, Limitations, and Future Directions
One strength of the adoption design is the ability to isolate influences that result from prenatal and genetic influences. Because the child is adopted at birth and not reared by the birth parent(s), when there is the absence of selective placement (as in the current study, Leve et al., 2007) and contact/openness between birth and adoptive parents is controlled, associations between birth parents and the adopted child are inferred to result from genetic influences and/or prenatal experiences rather than postnatal rearing conditions. Nevertheless, although examination of the postnatal rearing environment was beyond the scope of the present study, research indicates the intricate interplay between genetic, prenatal, and caregiving influences. For example, the influences of one factor are likely associated with or conditioned by the influences of another factor through gene-environment (G ϫ E) interaction and/or gene-environment correlation (Johnson, 2007; Rutter, 2006) . G ϫ E interactions have been identified for outcomes related to language and EF development (e.g., Taylor, Roehrig, Hensler, Connor, & Schatschneider, 2010) . Consequently, it is plausible that exposure to specific caregiving conditions (e.g., interparental hostility) during infancy may disrupt the development of effortful control through inducing higher levels of negative emotionality. Such emotions could overwhelm children's fledgling abilities to voluntarily enact attentional and behavioral regulation. This could play out by increasing children's proneness for negative emotionality, amplifying the pathway found in current study. Likewise, recent work suggests that parental self-regulation, This document is copyrighted by the American Psychological Association or one of its allied publishers.
including aspects of EF, is important for parenting behavior (e.g., Deater-Deckard, Sewell, Petrill, & Thompson, 2010) , and other work has identified connections between parental effortful control, parenting, and subsequent toddler effortful control (e.g., Spinrad et al., 2007) . EF in adoptive parents was not measured during the present study, but the effects of the postnatal family environment on EF are avenues for future exploration within the context of a genetically sensitive design. A second area where additional research would be beneficial is in examining the contribution of birth father characteristics. Although the present sample of 121 birth fathers is the largest sample assessed in an adoption design, and their inclusion permitted a supplemental examination of the expressed effects of the genome as transmitted from birth father (and generally replicated the effects from the birth mother models), the birth father sample size was underpowered to detect genetic effects. We are currently assessing a second cohort of families (n ϭ 200) using the same assessment protocols as the present study (Leve et al., 2010 ). This will ultimately provide greater power to examine potential sexlinked patterns of association.
Another strength of the present study was the ability of the adoption design to facilitate an examination of the behavioral expression of genetic influences through associations between birth parent characteristics and child characteristics. The adoption design examines gene expression using an anonymous but full genome approach by testing behavioral similarities between a child and his or her birth parent. This approach therefore serves as a broad inquiry into the extent to which specific phenotypes have a genetic etiology, and whether the expressed effects of genes can be moderated by specific environmental contexts to reduce genetic risk and enhance genetic strengths. In addition, this is the first study of which we are aware to examine prenatal risk and genetic influences on EF simultaneously. The results suggest that studies that measure prenatal risk but not genetic influences may inadvertently overestimate the role of prenatal risk and underestimate the role of genetic influences. Future work in this area could explore implications for the development of psychopathology by examining whether the identified associations between genetic influences, prenatal risk, and negative emotionality with toddler EF are predictive of subsequent child behavior problems. Specifically, associations between early increases in negative emotionality and later behavioral difficulties might be mediated by EF processes, and these pathways might be mediated or moderated by genetic, prenatal, or family environmental factors.
Despite the strengths of the present study, a cautionary note is warranted. First, although the sample was representative of the domestic infant adoption population at large (Leve et al., 2007) , adoptive parents had relatively high levels of education and income and were primarily of Caucasian ethnicity. As such, explorations of caregiving influences on toddler EF would need to take into consideration how these characteristics might enhance or reduce the effects of prenatal and genetic effects. In addition, our measurement of child language development was based on adoptive parent report; observational studies of child language may yield more reliable associations with child EF. Also, factors such as openness in the adoption need to be considered because they might affect the extent to which associations between children and birth parents may be influenced by contact between birth parents and the adoptive family. In the current study, the effects of openness in the adoption on associations between birth parent and child characteristics were statistically controlled through the inclusion of openness in the multivariate models. Nonetheless, openness in adoption remained a significant predictor of toddler effortful attention and was positively associated with birth parent verbal IQ. Although these associations were not anticipated, they may reflect an aspect of cognitive flexibility, which is an underlying component of EF (e.g., Rougier, Noelle, Braver, Cohen, & O'Reilly, 2005) . Birth and adoptive parents who choose more open adoptions might have more flexible thinking processes to adapt to the complex notion of shared adult contact with the child compared to individuals who chose more closed adoptions. Alternatively, they may reflect other aspects of birth parent personality or temperament. Additional research is needed to further investigate these possibilities, which might open new avenues of exploration regarding caregiver cognitive flexibility or specific personality traits as predictors of child EF. These study limitations notwithstanding, the current study adds to the field by providing new knowledge about the underlying and unique influences of prenatal risk, genetic influences, and negative emotionality on the development of EF during very early childhood.
